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At  this  time,  research  and  development  is  underway  to  nondestructively 
test  rubber  products.  This  R§D  is  motivated  by  specific  problems  encountered 
by  the  users  of  rubber  products.  The  Army,  as  a user  of  such  products,  has  a 
need  for  the  results  of  such  research  to  solve  problems  in  testing  products 
ranging  from  pneumatic  tires  to  rocket  motor  parts.  This  monograph  has  been 
prepared  after  a survey  of  the  field  by  a member  of  the  Nondestructive  Testing 
Industrial  Applications  Branch  of  the  Army  Materials  and  Mechanics  Research 
Center.  It  is  an  attempt  at  objectively  reviewing  the  nondestructive  testing 
of  rubber  problems.  It  begins  with  a primer  on  rubber  itself,  includes  a re- 
view of  physical  tests,  and  concludes  with  a survey  of  rubber-related  nonde- 
structive testing  research. 

To  this  writer's  knowledge,  this  is  the  only  work  of  its  kind  and  scope. 
Therefore,  the  reader  is  advised  that  this  monograph  is  an  original  percep- 
tion of  a very  complex  field,  and  that  parts  of  this  document  may  be  most  use- 
ful as  a source  for  productive  debate.  That  is,  several  subjects  in  the  field 
of  rubber  testing  are  controversial  especially  when  vested  interests  are  af- 
fected. However,  other  parts  of  work  are  easily  traced  back  to  information 
in  well-accepted  publications  and  can  be  accepted  as  fact.  As  a whole,  this 
document  should  be  useful  as  an  introduction  to  the  problems  associated  with 
the  testing  of  rubber  for  those  beginning  to  study  the  problem  and  as  a good 
review  and  survey  for  those  already  involved. 


A PRIMER  ON  ELASTOMERS,  THE  RUBBER  COMPOUND 

"Elastomer"  is  used  as  a generic  term  for  rubber  and  rubber- like  materials. 
In  this  report,  the  terms  "rubber"  and  "elastomer"  will  be  used  interchangeably, 
and  both  will  refer  to  the  rubber  compound.  The  polymer  which  is  the  chief 
ingredient  in  the  compound  will  be  called  the  "elastomeric  polymer"  to  avoid 
confusion.  This  section  briefly  covers  the  elastomeric  polymer,  the  filler, 
the  curative  and  the  other  components  which  make  up  the  rubber  compound. 

The  Elastomeric  Polymer 
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The  basis  of  any  rubber  compound  is  the  elastomeric  polymer.  (This  poly- 
mer may  be  called  the  "elastomer"  in  other  literature.)  These  polymers  are 
long  chains  of  molecules  which  vary  in  structure  and  elemental  makeup  accord- 
ing to  the  class  of  elastomeric  polymer.  The  classes  include:  natural  rubber, 

Thiokols,  neoprenes,  nitrile  rubbers,  butyl  rubbers  and  many  others.  Even 
these  classes  may  be  divided  into  specific  polymers  and  each  of  these  polymers 
vary  in  physical  properties.  That  is,  each  polymer  may  contribute  differently 
to  the  ultimate  compound  with  regard  to  inherent  strength,  temperature  resist- 
ance, vulcanization  properties  and  other  physical  and  manufacturing  properties. 
For  this  reason,  rubber  can  be  considered  to  represent  a large  spectrum  of 
materials  having  various  properties.  The  only  common  property  is  the  ability 
of  all  rubber  compounds  to  recover  after  large  deformation.  Finally,  note 
that  the  elastomer  is  typically  only  60  percent  of  the  compound  and  there  is 
considerable  variance  in  this  percentage  from  recipe  to  recipe. 
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The  filler  in  the  rubber  compound  does  much  more  than  simply  occupy  space. 
The  filler  affects  the  properties  of  the  compound.  Its  functions  include  im- 
provement of  the  strength  characteristics  and  adjustment  of  the  cure  times. 

Like  the  polymer,  there  is  great  variance  in  the  materials  used  for  fillers. 
Fillers  may  be  pigments,  fabrics,  or  even  fibers  or  glass.  Fabrics,  fibers 
and  other  non-pigment  fillers  results  in  what  may  be  defined  as  "composite 
materials"  and  this  subject  is  considered  separately  in  a later  section. 

Pigments  include  carbon  blacks,  zinc  oxides,  clay,  calcium  carbonates, 
and  various  other  substances.  Each  of  the  substances  is  used  to  change  the 
properties  of  the  ultimate  compound.  Carbon  blacks  are  used  extensively  in 
Army  applications,  because,  in  addition  to  their  other  attributes,  they  absorb 
ultraviolet  light.  This  absorption  of  UV  retards  attack  from  oxygen.  Fillers 
vary  greatly  in  percent  of  compound  makeup,  but  a typical  percentage  is  about 
30  percent  of  the  mix. 

The  Curative 

Unvulcanized  rubber  has  some  very  poor  characteristics.  It  is  sticky  when 
warm  and  rigid  when  cold.  It  is  vulcanization  that  makes  the  material  useful 
in  products.  For  this  reason,  the  vulcanizing  agent,  or  curative,  is  a vital 
part  of  the  compound.  This  component  is  required  to  cross-link  the  polymers 
in  the  vulcanization  process.  The  cross-linked  polymers  cause  the  material 
to  exhibit  useful  properties  in  the  final  product.  Usually,  tl<*  curative  is 
sulfur  or  a peroxide  type  which  is  not  used  as  extensively  as  sulfur;  however, 
several  other  substances  are  good  curatives,  especially  for  specific  applica- 
tions. For  example,  the  thiuram  disulfides  may  be  used  to  obtain  better  heat 
resistance.  Also,  certain  curatives  work  best  with  certain  rubbers.  For 
example,  metallic  oxides  work  best  with  neoprene.  In  spite  of  the  curative's 
importance,  it  is  only  typically  5 percent  of  the  compound,  and  again,  this 
percentage  varies  greatly. 

The  Additives 

Additives  comprise  a relatively  small  percentage  of  the  compound,  usually 
less  than  5 percent,  but  they  are  the  ingredients  which  determine  the  dura- 
bility and  processability  of  the  rubber  material.  In  this  report,  the  term 
"additives"  includes:  antioxidants,  antiozonants,  accelerators,  activators, 

and  all  substances  included  under  the  sub-class  called  "softeners."  As  the 
names  imply,  these  substances  do  everything  from  improving  the  rubber's  resist- 
ance to  the  environment  to  making  the  rubber  more  distortable  and  retentive 
for  processing.  These  additives  are  mostly  organic  compounds;  and,  though 
they  are  trace  substances,  it  is  critical  that  they  be  spread  throughout  a 
batch  of  rubber  when  it  is  mixed. 

Mixing  and  Curing 

The  ingredients  of  the  rubber  compound  are  usually  mixed  in  a two-roll 
rubber  mill  or  in  a Banbury  internal  mixer.  Though  both  methods  are  considered 
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to  give  a good  mix,  there  is  no  guarantee  of  complete  dispersion  of  the  ingre- 
dients. The  mix  is  sampled  and  physical  tests  are  performed  on  the  sample  to 
determine  the  quality  of  the  mix.  A nondestructive,  complete  test  of  the  mix 
would  be  superior,  but  no  such  test  exists  at  this  time.  Therefore,  it  is 
possible  that  failure  could  occur  in  products  made  from  the  parts  of  a rubber 
batch  where  components  were  not  properly  dispersed.  It  is  also  notable  that 
a rubber  product  may  be  cured  inhomogeneous ly.  Curing  takes  place  in  the  pres- 
ence of  heat.  In  fact,  a rubber  compound  begins  to  cure  as  soon  as  it  is  mixed 
due  to  ambient  heat.  For  this  reason,  there  is  a limited  amount  of  time  that 
rubber  material  can  be  stored  before  it  is  processed  into  a product.  However, 
Army  work  has  showed  that  peroxide -based  calendered  stocks  can  be  stored  at 
room  temperature  for  several  days  or  longer  prior  to  cure  without  adversely 
affecting  the  properties  of  the  vulcanizate.  At  some  point  during  the  produc- 
tion process,  the  temperature  is  increased  and  the  rubber  is  vulcanized.  If 
the  rubber  is  vulcanized  in  a poorly  designed  mold,  the  heat  may  be  spread 
unevenly  and  the  material  will  cure  irregularly.  Irregular  curing  may  also 
occur  if  the  rubber  product  is  thick  because  the  rubber  itself  is  a poor  con- 
ductor of  heat. 

Another  problem  occurs  in  the  curing  of  test  pieces.  Since  the  test  piece 
is  to  represent  a batch  of  material,  it  should  be  cured  to  the  extent  that 
the  final  product  is  cured.  This  is  also  difficult  to  guarantee. 

Finally,  after  the  rubber  is  vulcanized,  it  may  continue  to  form  cross 
links  in  the  presence  of  ambient  heat.  This  curing  after  production  contrib- 
utes to  the  aging  of  the  end  item. 


THE  PHYSICAL  TESTING  OF  RUBBER 


Presently,  rubber  products  are  usually  tested  and  accepted  on  the  basis 
of  performance  in  physical  tests.  This  is  true  of  raw  rubber  materials  as 
well  as  final  products.  Specifications  for  rubber  products  are  usually  written 
with  regard  to  physical  test  performance,  and  even  the  composition  of  the  rub- 
ber compound  is  left  up  to  the  manufacturer.  It  is  admitted  that  the  physical 
tests  for  rubber  have  limitations  and  that  the  rubber  field  is  in  need  of  im- 
proved tests.  However,  the  parameters  which  could  be  considered  in  accepting 
rubber  for  a given  application  have  caused  problems  to  the  specifiers.  One 
result  of  this  was  a rubber  developed  in  the  19S0's  which  was  thought  to  have 
good  characteristics  especially  with  regard  to  oil  resistance.  However,  when 
the  rubber  was  put  into  products  in  the  field,  it  was  found  to  degrade  when 
exposed  to  moisture  for  a period  of  time. 

In  an  attempt  to  list  the  problems  present  in  the  physical  testing  of  rub- 
ber, the  following  list  of  standard  tests  is  presented.  The  list  is  intended 
to  survey  the  common  tests  and  does  not  claim  to  include  all  tests,  devices 
or  standards. 

The  tests  just  listed  are  tests  used  on  raw  rubber  materials  and  on  samples 
of  rubber  end  items.  Nondestructive  testing  could  have  an  advantage  over  these 
tests  because  it  can  allow  inspection  of  100  percent  of  the  material  or  product 
in  question.  All  of  the  physical  tests  listed,  with  the  possible  exception 
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STANDARD  PHTSICAL  TESTS 

TEST 

DEVICES 

ASTM  STANDARDS 

PURPOSE 

Plasticity 

Rotational:  Mooney  Viscometer 
Compresslonel : Williams 
Pi  as  tl  meter 
Reciprocating  motion: 

Monsanto  Rheometer, 

Agfa  Vulcometer,  etc. 

ASTM  D1646,  D926. 
D2704,  D2705. 
02706 

Find  processing  character- 
istics of  raw  rubber  com- 
pounds to  determine  scorch 
and  cure  rate. 

specific  Brevity 

Jolly  Balance 

To  find  If  any  gross 
error  has  been  made  in 
compounding. 

Stress-Strain 

Tension:  Scott  Tester, 
Albertonl  Tester 
Compression:  (See  D575) 
Shear:  I.C.I.  slow  creep 
test  apparatus,  Instron 

ASTM  D412,  0575, 
03196 

To  determine  the  strength 
characteristics  under 
static  load.  Can  be  used 
to  determine  rate  of  cure, 
optimum  cure,  process  con- 
trol, acceptance  testing, 
aging,  and  research. 

Hardness 

Shore  Durometer 

ASTM  01415 

To  find  hardness,  the 
elastic  modulus  under 
small  strain. 

Tear 

Test  pieces  - crescent, 
angle,  Delft  test  pieces 

ASTM  0624 

To  determine  tear  resis- 
tance of  rubber. 

Abrasion 

Conti,  Pico,  and  many  more 

ASTM  01630, 
2228 

To  simulate  some  of  the 
field  conditions  that  the 
product  will  be  subject 
to  with  respect  to  abra- 
sive resistance. 

Flex  Cracking 

DuPont,  DeMattla,  Flipper, 
Vogt,  etc. 

ASTM  0430-57, 
813,  430-51 

To  evaluate  rubber  which 
will  be  used  In  high-flex 
applications,  for  example: 
tire  sidewalls. 

Fatigue 

Firestone,  Goodrich 
F lexeme  ters 

ASTM  0623 

To  measure  hysteresis  de- 
fect by  subjecting  sample 
to  complex  modes  of 
deformation. 

Set,  Creep,  and  I.C.I.  shear  creep 
Stress  Relaxation  test  apparatus 
(Flow  Properties) 


ASTM  01390,  To  measure  the  time  and 

395,  412-51T,  temperature  dependent 

1206-52T  flow  properties  of  rub- 

ber compound. 
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Resilience 

Dunlop  Pendulum, 
Lupke  Pendulum, 
Goodyear-Healty 
Pendulia* 

ASTM 

D1054 

Low  Temperature 

Gehmin  apparatus. 

ASTM 

0832, 

797. 

Kemp  apparatus 

746, 

1229, 

1329, 

1053 

Aging 


Greer  oven 


ASTM  0573,  572, 
454,  1149,  865, 
518,  1171,  1672, 
2309 


Resistance  to 
Electricity , 
Liquids,  and 
Gases 


AST*  0257,  150, 
149,  0471.  1460 


Performance  Tire  wheel.  Road  test. 

Tests  Aircraft  tire  landing 

simulator,  other  service 
simulators. 


I.  BLOW,  C M.  Ttttmoiocy  mV  Wtmftcfwt  BvtwrwonV  Lomdom,  1971. 

1 NAUWTON.  rt  Tb,  ApfOrd  Snrnct  of  f An*oM.  Um*m.  t*fl 

I.  WOH TON.  M Intm^urhorn  ro  Hubbtr  Trrbmota^t  2d  td..  Vm  HbiWwW  RtWikoM.  Wrw  Vo*t,  1*71. 


4 


To  measure  a temperature- 
dependent  property  which 
is  analogous  to  the  co- 
efficient of  restitution. 


To  determine  the  proper- 
ties of  rubber  as  It 
stiffens  at  low  tempera- 
ture. For  example,  to 
find  the  temperature  at 
which  rubber  becomes 
brittle. 

To  determine  the  resis- 
tance to  deterioration 
In  an  accelerated  aging 
test  by  use  of  an  air 
oven,  oxygen  pressure, 
ozone,  light,  or  liquids. 

To  determine  the  electri- 
cal properties  or  the 
resistance  to  fluids  of 
the  rubber. 


To  determine  the  reaction 
of  rubber  to  performance 
environment. 


LIMITATIONS 


“Results  can  be  disappointingly 
variable,  especially  between 
different  laboratories".1 


Hot  extremely  sensitive  to  small 
changes  In  compounding.  Does 
not  examine  entire  batch  of  raw 
rubber  compound,  only  a sample. 
These,  along  with  hardness,  are 
the  most  widely  used  tests.  How- 
ever, the  stress  on  the  test 
piece  of  rubber  may  be  a poor 
simulation  of  conditions  in 
service. 


This  test  Is  only  mildly  destruc- 
tive. However,  devices  are  dif- 
ficult to  calibrate  and  thickness 
of  rubber  and  other  parameters 
will  affect  reading. 

Tear  resistance  may  have  little 
to  do  with  failure  of  product 
even  If  failure  Is  due  to  abra- 
sive wear.  Mechanized  tests  are 
not  always  In  agreement  with 
hand  tests. 

Useful  only  In  "Indicating  broad 
differences  between  compounds, 
cannot  be  used  to  discriminate 
closely  between  similar 
compounds".2 

Poor  reproducibility.  Ozone  may 
cause  multiple  cracking. 


It  Is  notable  that  temperature 
rise  Is  the  data  obtained  from 
this  test.  "Practically,  this 
measurement  [hysteresis]  Is  ex- 
tremely difficult  to  accong>11sh 
without  complications,  owing  to 
variations  In  the  heat  capacity, 
conductivity,  and  radiation  of 
materials  being  tested".3  One 
advantage  Is  that  complex  forces 
are  presumably  closer  to  service 
conditions  than  bending  tests. 

Presently,  tests  have  poor  repro- 
ducibility. "The  results  have 
little  absolute  meaning  and  are 
useful  only  for  comparative  or 
control  tests".1 

"Although  the  ...  [resilience] 
tests  give  useful  results.  It 
has  been  pointed  out  that  their 
value  Is  limited  by  the  fact 
that  resilience  Is  a function 
not  only  of  the  Internal  fric- 
tion or  hysteresis  but  also  of 
the  dynamic  modulus".2 
Results  are  extremely  variable. 
Properties  at  low  temperature 
can  depend  on  previous  history 
of  rubber,  time,  and  method  of 
cooling  as  well  as. temperature. 


In  many  tests,  specimens  may  not 
be  aged  In  the  same  oven  without 
affecting  the  test.  It  Is  also 
difficult  In  some  cases  to  assess 
the  degree  of  deterioration  dur- 
ing the  test. 

Electrical  properties  change  If 
there  Is  external  or  Internal 
stress.  Therefore,  care  Bust  be 
taken  to  assure  that  test  piece 
Is  stressed  similarly  to  the 
stress  encountered  In  end  Horn. 
Tests  are  generally  costly  and 
destructive.  Obviously,  only  a 
sample  of  the  end  Items  can  be 
tested.  Furthermore,  simulators 
rarely  replicate  all  of  the  per- 
formance variables  needed  for 
complete  evaluation.  


of  hardness,  destroy  or  seriously  degrade  the  part  of  the  rubber  being  tested. 
Therefore,  these  tests  are  limited  to  the  testing  of  samples  or  coupons.  Grant- 
ed, it  is  generally  difficult  to  conceive  of  a nondestructive  test  which  would 
give  the  same  information  as  a particular  physical  test.  However,  the  creation 
of  such  nondestructive  tests  is  a goal  which  needs  to  be  considered. 


RUBBER  IN  CONJUNCTION  WITH  OTHER  MATERIALS 

In  many  items,  rubber  is  used  with  other  materials.  For  example,  textiles 
and  fibers  are  used  as  fillers  in  the  rubber  compound  to  produce  materials 
used  in  tent  materials,  belt  materials  and  in  other  items  where  strength  and/ 
or  liquid  impermeability  are  required.  Rubber  may  also  be  bonded  (usually 
"vulcanize"  bonded)  to  other  materials,  typically  to  metal  or  textiles.  This 
may  be  used  to  reduce  noise  or  avoid  destruction  by  the  metal  item,  or  to  pro- 
tect the  metal  or  textile  from  the  environment.  Applications  include  Army 
tank  treads  and  roadwheels  as  well  as  rubber  coatings  for  handweapons.  The 
bonding  of  rubber  to  textiles  also  becomes  important  in  tire  manufacture. 
However,  the  tire  is  such  a complex  rubber  product  that  it  might  be  best  clas- 
sified as  a composite  of  rubber  and  non-rubber  items  rather  than  a compound 
product.  Tire  testing  is  a full  study  in  itself. 


The  tests  on  products  which  contain  rubber  and  other  items  are  chiefly 
performance  tests.  However,  the  greatest  amount  of  nondestructive  testing 
research  has  been  done  on  these  compound  items  and  a few  physical  tests  are 
used  to  determine  the  strength-of-bond.  Two  of  these  physical  tests  follow: 

BONDING  TESTS 


TEST 

DEVICE 

ASTM  STDS 

PURPOSE 

LIMITATIONS 

Rubber-to- 

Peel  devices 

D413 

Determine 

Stress  on  item 

does 

Textile 

Adhesion 

dead  load, 
H-block 

D2138 

Adhesion 

not  replicate 
in  operation. 

stress 

Rubber-to- 

Peel  devices 

D429 

Determine 

Stress  on  item 

does 

Metal 

plate  test 

D2229 

Adhesion 

not  replicate 

stress 

specimens,  in  operation, 

conical  test 
specimens, 
shear  tests 

The  tests  listed  above  are  static  tests.  That  is,  the  bond  is  tested 
under  a static  load.  Dynamic  tests  are  being  developed  at  this  time. 


NDT  OF  RUBBER  ITEMS 

Most  work  done  in  nondestructively  testing  rubber  has  been  work  done  in 
inspecting  end  items  rather  than  raw  materials.  In  many  cases,  the  NDT  is  ap- 
plied without  full  information  on  the  failure  modes  of  the  item  being  inspected. 
There  may  simply  be  a hope  that  a nondestructive  test  will  be  found  that 


5 


correlates  with  performance  of  the  item.  Though  this  may  not  be  a rigorous 
approach,  the  NDT  test,  once  proven,  may  be  superior  to  a destructive  physical 
test.  Physical  tests  may  be  based  on  more  basic  material  characteristics,  but 
the  destructive  measurement  of  these  characteristics  may  not  correlate  well 
with  performance. 

The  principal  approaches  which  have  been  applied  to  the  nondestructive 
testing  of  rubber  are:  ultrasonics,  radiography,  optical  holography  and  ther- 

mal methods.  Generally,  all  of  these  approaches  can  be  tried  in  the  attempt 
to  solve  a rubber  problem,  but  the  approaches  will  yield  different  information 
which  will  be  more  or  less  relevant  to  the  problem.  For  example,  when  inspect- 
ing an  automobile  tire  for  separations  between  ply  layers,  the  inspector  will 
find  that  both  optical  holography  and  ultrasonic  methods  will  be  useful.  But 
radiography  will  probably  be  useless.  On  the  other  hand,  if  one  is  inspecting 
for  broken  and  misplaced  cords  (particularly  steel  cords),  then  radiographic 
methods  are  most  useful  and  the  other  methods  become  comparatively  useless. 

In  general,  if  the  anomaly  which  leads  to  failure  is  known,  an  NDT  approach 
may  be  able  to  detect  it.  However,  the  anomaly  which  leads  to  failure  usually 
is  not  known  or  is  the  subject  of  debate.  Therefore,  research  has  tended  to 
examine  tires  (and  other  rubber  products)  by  some  NDT  approach  and  look  for 
correlation  between  results  and  field  tests.  It  has  become  common  to  examine 
for  anomalies  called  by  some  generic  name  like  "degradation"  or  "structural 
integrity." 

The  lack  of  information  on  failure  modes  extends  beyond  examination  of  the 
pneumatic  tires.  Tank  treads  and  roadwheels,  though  simpler  than  tires,  also 
have  debatable  failure  modes.  The  anomaly  usually  inspected  for  in  the  tank 
treads  and  roadwheels  is  an  unbonded  area  between  the  steel  and  rubber  parts 
of  the  product.  Certainly  such  a debond  could  lead  to  failure,  but  it  is 
argued  that  the  items  also  fail  due  to  environmental  attack  and  misuse.  Again, 
the  recourse  has  been  to  test  NDT  results  against  field  test  results.  NDT  has 
also  been  applied  to  the  inspection  of  elastomeric  rocket  motor  case  liners  in 
an  attempt  to  find  separations.  However,  from  the  information  available  to 
this  writer,  the  work  on  case  liners  is  still  highly  experimental. 

In  summary,  many  standard  NDT  approaches  (such  as  radiography  and  ultra- 
sonics) can  be  applied  to  rubber  product  problems.  Also,  newer  approaches 
(such  as  thermal  methods  and  optical  holography)  can  be  developed  to  enhance 
on  standard  approach  results  or  to  obtain  new  information  altogether.  The 
great  gap  lies  in  that  the  NDT  inspector  usually  does  not  know  what  anomaly  he 
should  try  to  find.  But,  in  spite  of  this  unknown,  some  NDT  work  in  rubber 
goes  on  in  the  hope  of  finding  an  inspection  method  from  statistical  correla- 
tion rather  than  a rigorous  approach. 

SUMMARY 

This  report  has  been  an  introduction  to  the  problems  associated  with  the 
nondestructive  testing  of  elastomeric  products.  It  has  reviewed  the  basics  of 
rubber  compounding  and  physical  testing  and  has  briefly  surveyed  the  problem 
in  the  Army  concerning  elastomeric  products. 
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